To predict of the changes of soil temperature field surrounding the underground pipe at constant temperature in permafrost region is important to the pipes and the ground structures atop. Numerical simulation is an effective method to predict the change of soil temperature field including the influence of heat pipe to surrounding soil temperature field. Fluid mechanics, heat transfer theory and permafrost engineering theory are used to analysis of the problem; the problem is carried out as a transient problem. In this paper, a mathematical model for underground heat pipe-soil temperature field has been established and analyzed by using the simulation software GeoStudio TEMP/W; the variation of the soil temperature field in permafrost region has been simulated with or without insulation layer; and the tendency of the freeze-thaw curves and the temperature range surrounding underground heat pipe without insulation layer in operation has been presented and compared with that of with insulation layer. Some novel laws are obtained as follows: (1) when the heat pipe is in operation, the soil temperature field is gradually changing, and the changing speeds up daily, but it will reach a steady state in some day.; (2) if there is insulation layer, changes in temperature range will drop a lot, the movement of the freeze-thaw line will decrease more than 55.59%. The bigger the thickness of insulation layer there is, the smaller the temperature range there is. The results procide a theoretical basis for structure optimization and safe operation of underground pipe, etc.
Introduction
The facts that buried pipes intersecting with ground building become more and more common with the development of national economy. How the underground heat pipe influences the soil temperature field is great significant in the study of the safe operation of buried pipe, the safety evaluation and design of ground building, etc. Because of its importance, the soil temperature field surrounding underground heat pipe in permafrost region has been investigated since the 1980s. The scholars did achieve some results. In particular, with the development of computer technology, numerical simulation has become an effective way in the research. Hu Heping [1] conducted research on the issue of coupled transport of soil water heat in frozen unsaturated soil, established the mathematical model of coupled transport of soil water and heat, calculated the model using finite difference method. The model and method were proved by experiment. Zheng Heping [2] investigated the soil temperature field surrounding underground oil pipeline. Using linear heat source method or equal quantity loop method, he analyses formula from the simplified problem when calculating the soil temperature field surrounding underground oil pipeline under non-steady state. Since these methods assume that the heat transfer process in the operation of oil pipeline is in steady state, which did not conform to reality, the computing result deviated from the actual practices. Li Changjun [3] discussed the problem of soil temperature field surrounding heat oil pipeline when operated, started or stopped. Pang Liping [4] adopted numerical calculation method to solve a seasonal converted soil temperature field surrounding heat transfer pipe. Liang Chengji [4] made a numerical simulation of temperature field, moisture field and stress field around the cold pipe in the process of freezing, obtained the relationship of the coupled fields of temperature, stress and moisture. However, this method ignored the thermal transfer from the heat oil to the frozen soil, only aimed at the cold pipeline. Considering the endothermic (exothermic) process when the phase changes from ice to water, a mathematical model for underground heat pipe-soil temperature field in frozen earth is established in this report. The variation of the soil temperature field in permafrost region is simulated by software GeoStudio TEMP/W. At last, the tendency of the freeze-thaw curves and the range of the temperature under the operation of heat pipe are obtained. The problem has been carried out as a transient problem where the ground surface temperature and the pipe surface heat flux can be computed. The results can be used as reference in the safe operation of underground heat pipe and engineering optimization design. In other words, they have application in the analysis and design of facilities that are subject to freezing and thawing temperature changes.
The Mathematical Model of Heat Transfer of Underground Pipe in Frozen Earth under Freeze-Thaw State
A depth of 5 meters from the pipe could be set as the heat-insulated boundary, because at this distance the stratum temperature is lightly affected by the pipe, which is proved through calculation and a depth of 10 meters is considered as the constant temperature layer for the changes in temperature throughout the year is less than 1 . To simplify th ℃ e problem, assuming that:
Ignoring the soil temperature gradient ⑴ along the pipe axial, a semi-infinite region is simplified as a bounded rectangular domain, so the problem turns into a two-dimensional transient heat transfer problem accompanied with internal heat source; I ⑵ n calculating area the properties of soil are the same, and thermal conductivity is isotropic. The governing differential equation used in the soil temperature field surrounding the underground heat pipe is:
Where: T = temperature, ; 
A Numerical Example
The temperature (t 1 ) of underground heat pipe is 50 .The height of constant temperature layer is Figure. 1, and units of coordinates are metres. Thermal conductivity of soil generally derived from experiment. The characteristic of unfrozen water content of a soil can be expressed as a function of temperature. The unfrozen water content function curve is illustrated in Fig.2 . According to reference [5] , the data used in the report is shown in Table 1 . The function of unfrozen water content considers the endothermic (exothermic) latent heat in the process of ice to water (or water to ice), which is controlled by unfrozen water content. When the soil temperature above the phase transition temperature, all the water is unfrozen, otherwise, some water will be frozen companied with the decreasing of unfrozen water content. The concrete data is shown in Table 2 . The unfrozen water content is expressed as a value between 0 and 1.0. An unfrozen water content of 1.0 means that 100% of the water in the soil medium is unfrozen. Similarly, an unfrozen water content of 0 means that 0% of the water in the soil medium is unfrozen. The specific data of rigid polyurethane foam insulation layer is shown in Table 3 . Figure 3 . Illustrations from Figure 4 to Figure 9 state the temperature distributions on the 30th day, 90th day, 180th day, 270th day, 330th day, 360th day, respectively. Note that units of figures (from Fig. 3 to Fig. 9 ) coordinates are metres, units of isotherms are degrees Celsius. The zero isotherm has obviously moved towards the ground from the 15th day, at the same time, temperature range gradually expanded with time.
At last, the freeze-thaw lines which was shown in Fig.9 have moved about 3 meters upwards the ground, meanwhile the temperature range expanded 12~13 meters in horizontal direction and 3~4 meters in vertical direction. The influences of the underground heat pipe could make the ice in soil thawed, result in the phenomenon of melting circle, and subsequently cause non-uniform sedimentation, which would destroy the integrity of the pipe structure at worst, even destroy the ground structures atop. The soil temperature field surrounding underground heat pipe should be considered when constructing the structures above the existing underground pipe. Soil temperature field can be simulated by numerical simulation, which is able to minimize the loss through analyzing the tendency of the freeze-thaw curves and designing the depth of the underground pipe.
numerical simulation of soil temperature
field surrounding underground pipe with insulation layer Many buried pipes, such as water supply pipes, do not require insulation design because they are typically placed below the frost line. Even when frost penetrates to buried pipes, sufficient fluid flow inside the pipes carries enough latent heat that the fluid does not freeze while flowing through the pipe. However, in cases where there are limitations on trench depth and intermittent flow through the buried pipe, a design which includes insulation to protect against freezing may be required. From 4.1, we discover that the changes are great in soil temperature field surrounding the underground pipe without insulation layer. Insulation design in this case becomes important. Add rigid polyurethane foam insulation layer of 50mm and 100mm to the initial model respectively, we can get some different results. Under the conditions of different thickness of insulation layer, the corresponding movement of freeze-thaw lines vs time are shown in Fig.10 . Detailed figure of the results of a movement with times are shown in Table 4 . Fig .10 presents the changes of freeze-thaw line, it is not difficult to discover that the rate of the changes get smaller, whether or not there is a insulation layer.
Conclusion
Giving heat transferring of soil temperature field surrounding underground heat pipe, a simulation model for underground heat pipe-soil temperature field has been established, which simulates the variation of the soil temperature Numerical Simulation field in permafrost region. Some data of movement of freeze-thaw line upward are obtained. Conclusions are summarized as follows.
(1) When the heat pipe is in operation, the soil temperature field is gradually changing, and the changing speeds up daily. ( 2)The temperature field will reach a steady state in some day. Before that day, the changes of soil temperature field are great, after that day the changes act slowly. The day is related to the temperature of pipeline underground and the soil type. (3)Without rigid polyurethane foam insulation layer, the freeze-thaw line finally moved about 3 meters upwards to the ground, meanwhile, the temperature range expanded 12~13 meters in horizontal direction and 3~4 meters in vertical direction. To the contrary, if there is insulation layer, changes in temperature range will drop a lot, the movement of the freeze-thaw line will decrease more than 55.59%. The bigger the thickness of insulation layer there is, the smaller the temperature range there is. (4) The analysis and design of facilities that are subject to freezing and thawing temperature changes is necessary, and the effect of insulation layer should be taken into account. (5) The material of the insulation layer also affects the results, we can select the best one by the use of numerical simulation. (6)The two assumptions and the phase-change of ice to water in the endothermic (exothermic) process make the results be close to the actual situation. (7)If we can do more experiments, our results will be closer to the reality. We can also find some new laws about this problem how to predict of the changes of soil temperature field surrounding the underground pipe at constant temperature in permafrost region.
